ObjectIve: to analyze the therapeutic results of intervention and the factors affecting the outcome of patients with cushing's disease (cD) cared for at the All Indian Institute of Medical science (AIIMs), New Delhi. DesIGN. Patients with cushing's disease treated at a teritiary care centre from january 2000 to December 2009 were prospectively studied. resULts. Ninetyseven patients received treatment for cD during this period. Mean duration of follow-up was 3.4 ± 2.2 (mean±sD) years. eighty-one patients (83.5%) underwent transsphenoidal surgery (tss) as the primary treatment modality. Fifty-four patients (66.7%) went into remission after initial tss; ten (18.5%) of them relapsed after a mean follow-up period of 2.9±2.1 (mean±sD) years. Histopathologic examination of resected tissue showed corticotroph adenoma in 48 of the 54 (88.9%) who went into remission and 17 of the 27 (63.0%) who did not go into remission after the initial tss. sixteen patients with severe hypercortisolism underwent bilateral adrenalectomy (bA) as a life-saving measure which was followed by pituitary surgery 6 to 12 months later. Five patients including one with a large macroadenoma required three or more procedures to achieve eucortisolism. cONcLUsION: Fifty-four out of 81 (66.7%) of our patients with cD had remission following initial tss, ten of whom relapsed later on. sixteen patients unerwent bA as a life-saving procedure. Factors affecting outcome were, age, gender, low dose dexamethasone suppression test cortisol value and histologic confirmation of corticotroph adenoma.
INTRODUCTION
Cushing's syndrome (CS) is a complex endocrine disorder with potential for serious consequences if not promptly and adequately treated. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The clini-cal features are due to the effect of chronic cortisol excess on various tissues. The most common cause of endogenous CS is pituitary corticotroph adenoma (Cushing's disease -CD). There are few published reports from India which describe the outcome of treatment of CD. [11] [12] [13] [14] [15] [16] [17] We present our experience of patients with CD who were treated during the last 10 years at the All Indian Institute of Medical Science (AIIMS), a tertiary referral centre caring for large parts of India, our objective being to analyze the therapeutic outcome and the factors affecting it.
meThODOlOgy
From January 2000 till December 2009, 121 patients were treated for ACTH-dependent CS in our centre (AIIMS). The duration of follow-up post therapeutic intervention ranged from 1.5 to 11 years. The mean age of the study group was 25±16.5 (median± IQR) years (range 8 to 63 years); 31 (26%) patients were ≤18 years of age, 82 (63%) were female.
The diagnostic approach and treatment intervention as well as the subsequent follow-up data of the CD patients who were evaluated and treated in the endocrine services of our hospital from January 2000 to December 2009 were analyzed. Information regarding demographics, preoperative assessment, procedures performed, histopathology reports and outcomes were recorded prospectively for each patient during initial evaluation and subsequent hospital visits. Following surgery, the patients were examined at 3 months, 6 months and yearly thereafter.
CS was suspected on the basis of history and physical examination and confirmed by biochemical and imaging studies. The tests which were used for diagnosis of CS were: 1) overnight dexamethasone suppression test (ONDST) using 1mg dexamethasone (cortisol value <5μg/dl being considered suppressed); 2) low dose dexamethasone suppression test (LDDST) using dexamethasone tablet 0.5 mg given 6 hourly for 2 days (cortisol value <1.8μg/dl being considered suppressed). 6, 7, 14, 18 Those with discordant results and those with low serum cortisol in the absence of history of steroid use were subsequently re-evaluated to exclude the possibility of periodic hypercortisolism. Salivary cortisol value at 23:00 >0.43 μg /dL was considered positive and was used during the last two and half years as an additional test. 19 ACTH-dependent CS was diagnosed when plasma ACTH was more than 10pg/ml (2.2pmol/L). 6, 18 These patients underwent high dose dexamethasone suppression test (HDDST) (2mg dexamethasone tablet every 6hr for 48 hours (greater than 80% reduction in cortisol values being considered suppressed). All patients with ACTH-dependent hypercortisolism underwent MRI of the pituitary with dynamic sequences following gadolinium administration. ACTHdependent CS patients with normal or inconclusive (lesion less than 5mm) findings on MRI were further investigated for evidence of ectopic source of ACTH by a contrast-enhanced CT and or MRI scan of neck, chest, abdomen and pelvis.
68
Ga DOTA-NOC PET CT and 18 FDG PET-CT scan and bilateral internal jugular venous (IJV) ACTH sampling were done as additional tests as they became available. For IJV, a central/peripheral ACTH ratio of more than 1.6 was taken as suggestive of Cushing's disease.
Serum cortisol, salivary cortisol and plasma ACTH were determined by electrochemiluminescence immunoassay. 19 The measuring range of cortisol assay was 0.018 μg/dL to 63.4 μg/dL with inter-assay and intra-assay CV <5.6%. Plasma ACTH was determined using two monoclonal antibodies specific for ACTH (ACTH: 9-12 & ACTH: [36] [37] [38] [39] . The measuring range of the ACTH assay was 1-2000 pg/ml with inter-assay and intra-assay CV <6%. MRI was performed on a 1.5T scanner (Siemens Avanto or Sonata, Erlangen, Germany). T1W spin echo sequences were obtained in the coronal and sagittal planes using thin slices (3mm). Additional T2 fast spin echo sequences were performed in the coronal plane. Patients received an intravenous gadolinium compound at a dose of 0.1mmol/kg. Post-contrast T1W images were obtained in the coronal plane. Following contrast administration, both dynamic and routine images were performed. For dynamic imaging fat suppressed fast spin echo sequences were used.
TSS was the preferred treatment if a pituitary adenoma could be localized by pre-operative investigations. The procedure consisted of either a trans nasal trans sphenoidal approach (TNTS) or a sublabial rhinoseptal transphenoidal approach (SRTS). A total excision was performed for both pituitary micro-and Definitive diagnosis of CD was made when a pituitary adenoma was identified on imaging and/or histopathological examination, or when hypercortisolism remitted following pituitary surgery or on development of pituitary adenoma following BA. Cases in which the source of ACTH could not be identified were labeled as 'unknown' source of ACTH.
Statistical analysis was done using SPSS version 15. Data are presented as number (%) or mean ± standard deviation (SD) or median ± IQR as appropriate. The predictors of remission were analyzed using Fisher's exact test for categorical variables and student's t test for quantitative variables. P value <0.05 was considered as statistically significant.
ResUlTs
Pituitary corticotroph adenoma was the cause of hypercortisolism in 97 out of 121 (80%) patients. In 14 (11.7%) patients ACTH producing tumor was detected and in ten (8.3%) the source of ACTH excess could not be identified ( Figure 1 ). The source of ectopic ACTH was carcinoid in seven patients (four bronchial and three thymic), metastatic carcinoma in four (squamous cell carcinoma, adenocarcinoma and small cell carcinoma of lungs and one metastatic neuroendocrine tumor of unknown primary site), pancreatic tumor in two and multiple endocrine neoplasia type 2 (MEN2) with ectopic ACTH secretion from medullary carcinoma of the thyroid in one patient. macroadenomas leaving the pituitary stalk intact. For microadenomas (<1cm size), following the opening of the dura over the sella floor, the side showing localization was first explored under the operating microscope. If this was negative, the sella was then arbitrarily divided into 4 quadrants and each quadrant was sequentially explored for an adenoma. If this too proved negative, then a partial hypophysectomy was performed towards the side localized by pre-surgical investigations.
Bilateral total adrenalectomy (BA) was undertaken in CD patients with features of severe hypercortisolism as a life-saving procedure. In cases in which the source of ACTH excess could not be localized with available investigations, the patients were informed of the benefits and risks of pituitary exploration, BA and medical therapy. In such cases, therapy was provided as per patient's choice. Patients who underwent BA were re-evaluated for source of ACTH 6 months later and if negative yearly thereafter. Pituitary surgery or gamma knife (GK) therapy was carried out if a pituitary lesion was identified. Clinical evaluation and estimation of plasma cortisol and ACTH were done for all patients yearly.
Plasma cortisol was estimated 24 hours after surgery (before starting hydrocortisone) or 24 hours after stopping steroid, one week later. A serum cortisol value less than 2 μg/dL was considered as remission and a serum cortisol value between 2 and 5 μg/dL was considered as possible remission. 8 Patients who were not considered to be in remission were re-evaluated again 3 months after surgery for possible remission. Patients in definite or possible remission were discharged on physiologic replacement doses of oral prednisolone and re-evaluated at 3 and 6 months to check if steroids could be withdrawn. Subsequently patients were followed yearly by physical examination and determination of plasma cortisol, ACTH and dexamethasone suppressed cortisol. In the case of a patient with CD in whom pituitary surgery failed or in whom there was recurrence of disease, decision regarding further treatment was taken on an individual basis and in consultation with the neurosurgeon. Those with residual or recurrent tumor had either a second surgery or GK therapy. If no lesion was detected, patients were subjected to BA and followed up. Eighty-one out of 97 patients with CD (83.5%) underwent transphenoidal pituitary adenectomy (TSS) as the primary modality of treatment ( Figure  2 ). Among them 13 had pituitary macroadenoma. Fifty-four (66.7%) of these patients went into remission. Forty-four patients continue to be in remission (follow-up 18 months to 9 years, mean±SD 2.9±2.1 years). Ten patients developed recurrence after a mean duration of 2.1 ± 1.8 years (range 1 to 7 years) ( Figure 2) . A second TSS was done in five (all are in remission) and three are awaiting repeat TSS. BA was done for one patient in whom no pituitary lesion was visible on MRI. She has completed a two-year follow-up and the recent MRI did not reveal any pituitary lesion. One patient died during follow-up.
Twenty-seven (33.3%) patients did not go into remission after the initial TSS (Figure 3) . Eight of these patients underwent second TSS or GK therapy (three went into remission, five required adrenalectomy / medical therapy), nine BA (seven had no pituitary lesion on follow-up ranging from 2 to 9 years, mean 5.1±1 years) and nine are on medical therapy. One patient died during follow-up.
Histopathology examination of resected specimen showed corticotroph adenoma in 48 of the 54 who went into remission and 17 of the 27 who did not go into remission after the initial TSS.
Sixteen patients with CD with severe hypercortisolism underwent bilateral adrenalectomy as a life-saving measure. Two patients died during the peri-operative period (one of myocardial infarction and one of chest infection). The others had TSS (except one 13-year old girl with nonpneumatised sella who underwent GK therapy) done during the following 6 to 12 months). Ten were cured with the first TSS, 1 required a 2 nd TSS and two required TSS twice plus GK therapy. Four (4.1%) patients died; two following adrenalectomy (one due to chest infection and another due to myocardial infarction) during the post-operative period, one had recurred after an initial successful TSS and the other had undergone an unsuccessful pituitary surgery. Cause of death was infection in the last two cases.
There was no difference in the rate of remission between patients with micro-or macroadenoma. There were five patients who required three or more procedures, one with a large macroadenoma, three with microadenoma and one with normal pituitary on MRI. The patient with macroadenoma underwent TSS twice followed by GK therapy and subsequently BA for control of hypercortisolism. The other four patients had initially failed TSS and later required multiple interventions.
Out of the 97 cases with CD, MRI showed a pituitary tumor in 75 (77.3%), 16 of which were macroadenomas. In none of the 14 ectopic cases did the MRI reveal any adenoma. Sixty percent of the cases with CD had positive HDDST.
In looking for the role of different factors in predicting remission after TSS as the initial treatment modality we performed univariate analysis (Table1). Lower age (p = 0.035) and lower LDDST serum cortisol value (p = 0.001) were the variables which could predict remission following TSS. Patients with lower baseline serum cortisol value at 08:00 also had an indicative trend towards achieving a higher chance of remission, though the association was not statistically significant (p = 0.090). Female gender and presence of corticotroph adenoma in the resected tissue was also associated with higher remission rate (Table 1) , the probability of remission for females being 2.7 higher compared to males.
DIsCUssION
CD accounts for 80-85% of cases of endogenous CS [2] [3] [4] [5] and in such cases TSS for excision of pituitary adenoma is the preferred treatment modality. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] The success rate for TSS in large series describing outcome of more than 100 patients has varied from 69% to 90%. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Different parameters like size of the adenoma, dural invasion, localization on preoperative imaging, intraoperative tumor visualization, preoperative ACTH, urinary cortisol and histological confirmation of corticotroph adenoma have been considered to predict remission following TSS. 27, 30, [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] An earlier study from India reported a remission rate of 77% for CD patients with microadenoma and 36% for those with macroadenoma following TSS. 15 The present study included 121 patients with ACTH dependent CS, 97 (80%) of which were due to CD and 14 (12%) to ectopic ACTH production. The source of ACTH could not be identified in ten patients (8%). Eighty-one CD cases had TSS as the primary modality of treatment and of them 54 (67%) had remission. Twenty-seven who did not go into remission with initial TSS required further interventions which included TSS, GK therapy or BA.
BA was performed in 16 patients with severe hypercortisolism as a life-saving procedure. Pituitary adenectomy (GK therapy for one girl with nonpneumatised sella) was carried out in these patients 6 to 12 months later.
The source of ACTH excess remains unknown in ten cases; one of them had a pituitary microadenoma at the time of initial evaluation which has remained unchanged in size for 7 years after bilateral adrenalectomy.
Mortality was higher compared to previous similar studies 24, 35, 50 during immediate postoperative period among patients who underwent bilateral adrenalectomy most likely because of severe hypercortisolism. Two more patients died during follow-up because of infection. One of them had persistent hypercortisolism after TSS and the other had relapsed after initial remission following TSS. Hammer et al reported three deaths during the initial 30 days following surgery in a large cohort of nearly 300 patients. 35 During subsequent follow up they observed higher mortality among subjects with persistent disease, 35 whereas Atkinson et al, 24 observed four deaths among 45 patients during follow, these patients being in remission.
Four of the five patients who required multiple procedures in the present study were patients with small microadenomas. We did not observe a difference in remission rate following TSS between CD patients with micro-or macroadenoma. This is unlike some previous reports which reported higher remission rates in patients with microadenoma compared to those with macroadenoma (65 to 90% vs less than 65%). 15, 35, 50 Chee et al observed higher remission among those who had adenoma at surgery and on histopathology compared to those in whom both were negative. 41 However, they observed no difference in remission rates in those with an adenoma on MRI vs those with normal pituitary on MRI. 49 One probable reason behind failure to achieve remission following TSS in some of our patients could be adrenal autonomy in the setting of longstanding CS. This speculation is corroborated by the observation that seven patients with initial failure of pituitary surgery have not developed recurrence of corticotroph adenoma after BA. The CT imaging of adrenal glands of these seven patients had shown bilateral adrenal hyperplasia in six. There are reports indicating that longstanding CD has caused macronodular transformation of adrenals leading to persistent hypercortisolemia after pituitary surgery. 48 In the present study, histological finding of corticotroph adenoma, a lower value of serum cortisol after LDDST and lower age at diagnosis were associated with higher chance of remission. Also, absence of diabetes mellitus and a lower baseline 08:00 serum cortisol value showed a trend towards correlation with achieving remission, though this association did not reach statistical significance. Higher LDDST cortisol value and the presence of diabetes may be markers of a more longstanding and severe disease. A negative finding for corticotroph adenoma on histopathology after TSS was most strongly associated with recurrence, the probability of remission being 7.75 lower compared to patients with a positive finding for corticotroph adenoma.
The strength of our study is that a large number of patients from a single centre was followed up by the same investigators for a relatively long period. The success rate of 67% with first TSS in our series is comparable to that reported in the literature. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] The main weakness of this study is that in about 8% of the patients the source of ACTH escaped detection. This is possibly due to non-availability of some essential investigations like CRH stimulated IPSS for ACTH determination.
